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Tropical forest biota are threatened 
by anthropogenic disturbances, such 
as selective logging and clear cutting. 
However, little is known about the 
pattern and timescale of recovery of 
insects following different forms of 
anthropogenic disturbances in tropi-
cal rainforests. This thesis presents 
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moist forest of Kibale National Park, 
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ABSTRACT 
Knowledge of insect colonisation during natural succession or 
forest restoration after forest disturbance in tropical Africa is 
very limited. In this thesis, fruit-feeding butterflies were used as 
model organisms to study how, as well as how fast, insect 
communities recover along a gradient of forest succession or 
restoration after forest disturbance in an Afro-tropical moist 
forest in Kibale National Park, Uganda. Butterflies were trapped 
three days monthly for 12 months, using banana-baited white 
cylindrical butterfly traps, beginning in May 2011 at randomly 
located sites along a successional or restoration gradient. At the 
restoration and nearby primary forest sites, the tree species 
composition and seven variables describing the vegetation 
structure were recorded. 
The first aim was to investigate the differences among different 
aged-natural succession and primary forests and estimate the 
timescale of recovery in the fruit feeding butterfly communities 
along a natural succession gradient ranging from 9- to 43-yr-old 
recovering forests to undisturbed primary forests. Butterfly 
species richness, abundance, and diversity did not show an 
increasing trend along the successional gradient but species 
richness and abundance peaked at one of the primary forests 
and intermediate successional stages. There was monthly 
variation in species richness, abundance, diversity, dominance 
and community composition. The butterfly community 
structure differed significantly among the eight successional 
stages and only a marginal directional change along the 
successional gradient emerged. The greatest number of indicator 
species and intact forest interior specialists were found in one of 
the primary forests. 
The second aim was to investigate the differences among 
restoration and primary forest areas and to estimate the 
timescale of butterfly recovery along a gradient of forest 
restoration, which ranged from 3 to 16 years. The results 
indicated that butterfly species richness, abundance and 
diversity increased with the age since restoration started. There 
was a remarkable temporal variation in butterfly community 
composition. The similarity of the butterfly communities in the 
restoring forests to that of primary forests increased linearly 
with time, without reaching an asymptote. It is estimated that 
the fruit-feeding butterfly communities of restored tropical 
forests can be similar to that of primary forests within 40 years, 
provided that there are primary forests nearby. Different 
restoration ages and primary forests were characterised by 
different butterfly specialists, with the greatest number and 
most unique species occurring in primary forests. 
The third aim was to determine the extent that tree community 
composition or vegetation structure predicts variation in the 
community structure of fruit-feeding butterflies along an age-
gradient of tropical forest restoration. Both tree species 
composition and vegetation structure predicted butterfly 
composition equally well. There was a common gradient in 
communities of butterflies and trees among different ages of 
restoration and primary forests. The majority of butterfly species 
were most abundant in the old restoration or primary forests, 
while most tree species had their optima in primary forests. 
When tree community composition was measured as stem 
density of tree species, it explained 11.5%, when measured as 
presence or absence of tree species, it explained 10.7%, and 
when measured as basal area of tree species, it explained 10.3 % 
of the variation in butterfly community composition. The total 
basal area of trees and elephant grass cover were the most 
important vegetation structure variables that explained the 
butterfly community composition. 
In conclusion, the results of this study show that forest 
disturbance has a long-term impact on the recovery of butterfly 
community composition, emphasising the value of intact 
primary forests for butterfly conservation. Furthermore, the 
study demonstrates that tropical forest restoration aids in the 
recovery of butterfly communities, and probably aids 
biodiversity as a whole, towards reaching their pre-disturbance 
states. Finally, it shows that a vegetation-based approach is a 
promising, cost-effective method for predicting the recovery of 
insect biodiversity in restored Afrotropical rainforests. 
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1 Introduction 
  
1.1 FOREST DISTURBANCE IN THE TROPICS AND ITS 
EFFECTS ON INSECT FAUNA 
 
Tropical forests support over 50% of the earth’s species (Dirzo & 
Raven 2003) and provide significant local, regional and global 
human benefits through the provision of economic goods and 
ecosystem services (Gardner et al., 2009). These forests are also 
critical for mitigating global climate change, as well as critical in 
carbon sequestration and energy cycles (Millennium Ecosystem 
Assessment, 2005). Despite their importance, they are 
increasingly being threatened by human-driven factors, such as 
conversion for agriculture, timber production and other uses, 
and these factors often have negative consequences on tropical 
biodiversity (Sala et al., 2000; Achard et al., 2002). Of all the 
tropical biodiversity, the least studied are insects, and yet they 
are one of the most abundant and ecologically important forest 
organisms (Wilson, 1987). The few available tropical studies 
show that forest modification and clearance lead to a decline in 
insect species richness and abundance (Stork et al., 2003; Akite, 
2008), as well as significant changes in insect community 
composition (Cleary & Genner 2004; Uehara-Prado et al., 2009; 
Savilaakso et al., 2009a). These changes affect ecosystem 
functions, such as pollination, fruiting, seed production, 
seedling recruitment and nutrient recycling, which are crucial 
processes in the long-term maintenance of biodiversity (Didham 
et al., 1996; Asquith et al., 1999). A decline in abundance and a 
loss of pollinator species may threaten the local persistence of 
insect-pollinated tree species. Similarly, a decline of the insect 
seed-predator community following disturbance may lead to an 
increased dominance of the predators’ host plants (Louda, 1982), 
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a sign of an impoverished plant community (Terborgh et al., 
2001). For comprehensive forest management and conservation, 
it is important to know the impact of forest disturbance on 
insect communities, as well as their recovery patterns and the 
time scale needed for them to recover after the disturbance. In 
tropical Africa, knowledge about insect recovery patterns is 
limited.  
Kibale National Park is one of the best studied rain-forests in 
Africa. Extensive research on the effects of forest disturbance in 
Kibale has been done on primates (Chapman & Lambert 2000; 
Olupot, 2000); plants (e.g. Lawes & Chapman, 2006); small 
rodents (Basuta & Kasenene, 1987); and birds (Sekercioglu, 2002). 
Little information exists for the arthropods of Kibale. Previous 
studies show marked intra- and inter-annual seasonality in 
ground floor arthropod abundance, with peak abundance 
during the rainy season (Nummelin, 1989; 1996). The 
community composition of the arthropods also varied 
significantly among virgin, logged and plantation forests (dung 
beetles, Nummelin & Hanski, 1989; Cassidinae beetles, 
Nummelin & Borowiec, 1991; Coccinellids, Nummelin & Fürsch, 
1992).  
1.2 BIODIVERSITY RESTORATION 
The continued rapid loss of biological diversity and degradation 
of ecosystems through human actions calls for urgent 
interventions to slow down or halt the process or else human 
livelihood is jeopardized (Millennium Ecosystem Assessment, 
2005). Many of the word’s ecosystems are highly degraded, and 
natural recovery processes are often inadequate to achieve 
desired goals for ecosystem recovery (Hobbs & Harris, 2001). 
Part of the solution to this is ecological restoration, which is 
undertaken to quicken the recovery of damaged ecosystems, 
restore ecosystem function, and reduce biodiversity loss (Young, 
2000). By definition, ecological restoration is an attempt to 
recover damaged ecosystems to their pre-disturbance states 
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(Hobbs, 2006). Full recovery means that the ecosystem is once 
again self-sustaining (SERI, 2002). In reality, it is often 
impossible to achieve this, because degraded ecosystems 
typically lack natural levels of environmental variability (Baron 
et al., 2002) and their resilience is no longer recoverable (Suding 
et al., 2004). 
Ecological restoration varies widely in its objectives and 
applications (Hobbs, 2006). Its focus can include: 1) introduction 
(species not presently at the project site, and not known to have 
existed there previously, are established at a site. Species may or 
may not be native to broader geographic area); 2) reintroduction 
(reestablishment of species not presently at the project site, but 
that did occur there in the past or 3) augmentation or restocking 
of populations (individuals of a species are added to a site 
where the species occurs presently) and 4) Restoration of 
communities and ecosystems.  
A number of techniques have been used to restore degraded 
ecosystems, including marine, arid, temperate grasslands, and 
tropical rain forests (Hobbs, 2006). With respect to tropical 
forests, forestry recovery schemes have been established in 
order to offset the high rate of deforestation and restore the 
socio-economic, ecological and biodiversity values of deforested 
and degraded tropical areas to their pre-disturbance states 
(Lamb et al., 2005). In Africa, the most widely used restoration 
techniques for degraded tropical forests are natural 
regeneration, restoration planting and Assisted Natural 
Regeneration (ANR; Blay, 2012). Natural regeneration is the 
cheapest method of restoring large deforested areas, but it is 
often slow and cannot rapidly rehabilitate the areas within a 
timeframe that is compatible with short-term human needs. In 
addition, in severely degraded ecosystems, full recovery may 
not be achieved (du Toit et al., 2004; Lamb et al., 2005; Blay, 
2012). Timber plantations are other means of restoring large 
areas of cleared or degraded tropical landscapes (Lamb, 1998). 
Although they restore the productive capacity of the landscape, 
they do little to recover the biological diversity, medicines and 
food, that were once provided by the original forests (Lamb et 
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al., 2005). Timber plantations have also been criticised for 
having negative consequences on ecosystems. For example, in 
South Africa, eucalyptus plantations drain wetlands and Acacia 
mearnsii trees have become invasive (Le maitre et al., 2000). 
Generally in Africa, the successful forest restoration projects are 
within protected areas, and outside of these, all have largely 
failed after cessation of donor funds (Blay, 2012). One such 
successful project is in Kibale and Mount Elgon National Parks, 
in Uganda. The project is run by the Foundation for Forests 
Absorbing Carbon Dioxide Emissions (FACE), in collaboration 
with the Uganda Wildlife Authority (UWA), referred to as the 
UWA-FACE project. The aim of this project is to recover 
biodiversity and sequester carbon dioxide in the deforested and 
degraded parts of the national parks, by planting native tree 
species (UWA-FACE, 2006). The UWA-FACE project, covering 
approximately 10,000 ha, started in 1994, two years after 
evicting agricultural encroachers, with active tree planting 
starting in 1995 (UWA-FACE, 2006). Despite such efforts to 
restore the tropical forests, there have been no prior studies 
conducted on insect communities in relation to the restoration 
efforts.  
1.3 FRUIT-FEEDING BUTTERFLIES AS BIO-INDICATORS  
Conservation scientists are challenged with prioritizing areas for 
conservation, given limitation in funds and the scale of 
investigation (Caro, 2010). To achieve that, they often use 
surrogate species, which are species that are used to represent 
other species or aspects of the environment to attain a 
conservation objective (Caro, 2010). Examples of surrogate 
species are; biodiversity indicator species, environmental 
indicator species, ecological disturbance indicator species, 
keystone species and flagship species, each of which has a 
different meaning and use in conservation (Caro, 2010). 
Indicator species have been widely misused by conservation 
scientists to mean flagship, umbrella, keystone, environmental 
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indicators and ecological disturbance indicators, hence 
confusing to lay persons and many other scientists 
(Lindenmayer et al., 2000, Caro, 2010). In this thesis, for 
clarification purposes, butterflies have been used as indicators 
of biodiversity recovery. 
Fruit-feeding butterflies were used as an indicator group to 
study biodiversity recovery patterns in the Afro-tropics because 
by comparison with other insects, they are easy to sample and 
their taxonomy and ecology are relatively well-known (Thomas, 
2005; Bonebrake et al., 2010; Molleman, 2012). In addition, fruit-
feeding butterflies depend almost entirely on rainforest trees for 
survival, since their adults feed on the fruits rotting on the forest 
floor (Molleman et al., 2005) and in their larval stages, many 
insects also feed on trees (Molleman, 2012). This means that, 
changes in tree composition, microclimate and fruit availability 
that occur during rainforest succession (Guariguata & Ostertag 
2001; Pinotti et al., 2012; Garcia et al., 2014), may greatly affect 
them. The use of butterflies as bio-indicators of habitat 
modification and disturbance in tropical ecosystems has, 
however, been criticised by Lawton et al., (1998). These authors 
argue that butterflies may not fully represent faunal changes in 
other groups, since each taxon responds differently to habitat 
disturbance and succession. The same criticism could apply for 
their use as indicators of biodiversity recovery. Lawton et al., 
(1998) suggested a multi-taxon approach to overcome this, but 
such an approach is not practical for most of the tropical 
developing countries, as the approach requires a lot of funds 
and other resources in order to inventory a range of taxa. 
1.4 RECOVERY PATTERNS OF FRUIT-FEEDING 
BUTTERFLIES 
Tropical forest recovery after disturbance depends in part on the 
recovery of insect communities, because they represent many 
different functional groups (e.g., pollinators and decomposers; 
Holl, 1995; Majer, 1997; Longcore, 2003) and because they play a 
critical role in nutrient cycling (Tian et al., 1997). In Africa, 
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relatively few studies have investigated how insects, and in 
particular butterflies, recover after forest disturbance. Butterfly 
recovery under natural succession has been found to take 50─60 
years in Ghana (Sáfián et al., 2011). Overall, recovery times seem 
to depend on a number of habitat-specific factors, such as 
severity of disturbance, distance to the primary forest, and soil 
factors (Elliot et al., 2013). Therefore, it can be misleading to 
generalise recovery times for management purposes.  
1.5 FACTORS EXPLAINING THE VARIATION OF FRUIT-
FEEDING BUTTERFLY COMMUNITIES DURING TROPICAL 
FOREST RESTORATION 
 
Recovery of herbivorous insect communities during tropical 
forest restoration could be controlled by several factors, the 
most important of which are plant species composition and 
vegetation structure. This is because the insect communities 
depend on plants for food, oviposition, larval development 
(Novotny & Basset 2005; Lewinsohn et al., 2005), and shelter 
from predators (Hunter & Price 1992), either partially or fully, 
during their development stages. Although secondary 
succession of plant communities in the tropics is fairly well 
known (Whitmore, 1975; Richards, 1996), there are only a few 
studies of insects in tropical succession (Spitzer et al., 1993; Leps 
et al., 2001). 
1.6 AIMS OF THE STUDY 
The aim of this study was to clarify the process of recovery of 
butterfly communities in moist tropical rainforests through 
forest restoration with indigenous tree planting and natural 
succession following different forms of anthropogenic 
disturbances in Kibale National Park, Uganda. 
 
The specific aims of the study were: 
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i. To investigate the differences among different-aged natural 
succession forests along a succession gradient, as well as 
estimate the time of recovery of butterflies under natural 
succession (I). 
 
ii. To investigate if there was a directional pattern in species 
richness, abundance, diversity, dominance or community 
composition from the youngest restoration to the primary 
forests, and to estimate the time of recovery of butterflies 
after restoration treatments (II). 
 
iii. To determine the extent that tree community composition 
or vegetation structure   predicts the butterfly community 
composition (III). 
 
20 
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2 Materials and methods 
2.1 STUDY AREA  
The study was conducted in a medium altitude tropical forest of 
Kibale National Park, located in western Uganda (0º13’ to 0º41’ 
N and 30º19’ to 30º32’ E), which lies along a south-north 
elevation gradient (Struhsaker, 1997). Kibale is comprised of 
mature natural forests (60%), secondary forests, grasslands, 
swamps and woodland thickets (Struhsaker 1997). It receives a 
mean annual rainfall of 1697 mm (1990─2009; Chapman & 
Lambert, 2000) with two distinct rainy seasons; March─May, 
and August─December (Struhsaker, 1997). The mean daily 
minimum and maximum temperatures during 1990–2001 were 
14.9ºC and 20.2ºC, respectively (Chapman et al., 2005). 
Study I was conducted in the northern section of the park 
(Fig. S1, Table 1, in I), whereas studies II and III were 
undertaken in the southern section (Fig. 1, Table 1, in II). The 
northern section consisted of continuous primary forests (K30 
and K31), regenerating forests after heavy logging (K13 and K15) 
and regenerating forests after clear-cutting exotic tree species 
(hereafter, Regenerating Age Class, RAC, Table 1, in I). These 
areas represent successional stages of various ages ranging from 
9─19 years (median ages).  
The southern part of the park (Fig. 1, Table 1, in II) was 
occupied by agricultural encroachers in the 1970s (van Orsdol, 
1986), reducing the forest area by about 10,000 ha (UWA-FACE, 
2006). In 1992, the Uganda government evicted the encroachers. 
Active tree planting started in 1995 under the umbrella project, 
Uganda Wildlife Authority-Forests Absorbing Carbon Dioxide 
Emissions (UWA-FACE), in order to restore the park’s 
biodiversity and offset carbon dioxide emissions. For the 
purpose of this study, the southern part was divided into 
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primary (hereafter, Mainaro primary forest 1 and 2 [MPF1 and 
MPF2]) and restoration forests (RS) of six different ages (Table 1, 
in II). 
2.2 METHODS 
2.2.1 Butterfly sampling  
Butterflies were captured using banana-baited white cylindrical 
butterfly traps (Molleman et al., 2005), spaced at least 100 m 
from each other (I, II). Between 8 and 13 understory traps were 
randomly placed in each natural successional stage, producing a 
total of 80 traps (I). For study II, five traps were laid in each of 
the eight forest areas (total of 40 traps). Each trap was baited 
with ca 100 g of sweet banana, which had been fermented for 
three days (Molleman et al., 2005) and sampled monthly for 12 
months (May 2011 and April 2012). Every month, the butterfly 
species and respective abundance were recorded on three 
consecutive days from 0800 to 1600 h. At the beginning of the 
sampling period, all of the trapped butterflies were carried in 
butterfly envelopes to the field station for sorting, drying and 
storage as part of the reference collection. On subsequent 
sampling rounds, all except new species were killed (25% of the 
sampling periods) or released without marking at least 500 m 
from traps after recording their abundance. This was considered 
to be sufficient, because only about 3% of the individuals are 
likely to fly from one trap to another (> 100 m) based on a 
previous mark-recapture study by F. Molleman (pers. com.). 
Butterflies were identified using field guides (Williams, 1969; 
Larsen, 1996; Molleman, 2012), or in some cases, morpho species 
were recorded in the field and identified later by F. Molleman. 
Samples of all species collected were preserved and stored at 
Makerere University Biological Field Station (MUBFS).  
2.2.2 Vegetation sampling  
For each butterfly sampling site (II), information regarding the 
tree species composition and vegetation structure was collected 
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(Owiny A., unpublished data) and used to predict the butterfly 
community composition (III). The tree composition dataset was 
composed of 79 tree species and 3,191 counted stems. The 
vegetation structure variables included the following: 1) total 
stem density per hectare, 2) total basal area (m2/ha), 3) tree 
canopy cover, 4) elephant grass (Pennisetum purpureum) cover, 5) 
“other grass” cover (i.e., any grass other than elephant grass), 6) 
shrub cover, and 7) herb cover. These were estimated visually, 
within 40 m  20 m plots, on a scale of 010 (III). 
 
2.3 STATISTICAL ANALYSIS 
2.3.1 Estimation of species richness 
To determine the sampling effort (I and II) and to estimate the 
total species richness, species accumulation curves of each 
studied forest area were generated with EstimateS 9.1 (Colwell, 
2013). 
 
2.3.2 Variation in butterfly species richness, abundance, 
diversity and dominance 
For each successional stage and month (I), we evaluated the 
following univariate variables: (i) the mean species richness/trap, 
(ii) mean abundance/trap, (iii) butterfly diversity measured by 
Simpson’s D, and (iv) Berger-Parker dominance index (Pmax; 
Magurran & Mcgill, 2011). 
In study II, since the number of individuals per trap for most 
of the samples was too small (≤ 1) for the calculation of 
Simpson’s D, we assessed: (i) mean species richness/month, (ii) 
butterfly abundance (mean number of individuals/month), (iii) 
Simpson’s index and (iv) Berger-Parker dominance index for 
each restoration and primary forest area and for each month. All 
of the univariates were calculated with Primer-E, v6 (Clarke & 
Gorley, 2006). 
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To test for differences in the univariates among the eight 
successional stages and the 12 studied months (I), we used a 
MANOVA and an ANOVA. To test for a directional change in 
the univariates along the natural succession (I) or restoration 
gradient (II), Spearman correlations were calculated between the 
average values of univariate variables and the “order” of the 
natural succession (I) or the restoration gradient (II) using IBM 
SPSS Statistics, Version 19.  
 
2.3.3  Variation in butterfly community composition 
Patterns in butterfly community composition were studied with 
non-metric multi-dimensional scaling (MDS), Permanova and a 
distance-based linear model (DISTLM; I, II). MDS plots were 
drawn to visualise the differences among the different natural 
successional or restoration stages and temporal patterns in the 
butterfly community composition (I, II). The Permanova+ 
routine of Primer-E (Anderson et al., 2008) was used to estimate 
the proportion of variation in the butterfly community 
explained by the natural successional (I) or restoration stage (II), 
month or their two-way interaction. To test for a directional 
change in the butterfly community composition along the 
natural succession (I) or restoration gradient (II), a DISTLM was 
fitted and the Bray-Curtis similarity matrix was modelled with 
the “order” of the natural succession (I) or restoration gradient (II) 
as a continuous predictor.  
The seasonality in the butterfly community structure (I) was 
tested using routine RELATE in Primer-E, v.6 (Clarke & Gorley 
2006). Since our trap locations that represented the different 
stages of natural succession (I) or restoration (II) could not be 
spatially randomised, Mantel tests were done using package 
‘ade4’ (Chessel & Dufour 2011) in R 2.14.1 (R Development Core 
Team, 2008) in order to evaluate the possible spatial 
autocorrelation in similarity of butterfly communities between 
the traps, which could confound the interpretation of the results.  
2.3.4 Estimating the time scale for butterfly recovery 
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To estimate the time required for the butterfly community 
composition to recover following restoration (II), the change in 
similarity of fruit-feeding butterfly communities of the 
restoration and adjacent primary forests was studied as a 
function of years since the restoration started. Two competing 
models were fitted: 1) linear change model and 2) the 
curvilinear change following a negative exponential function, 
which allows the similarity to slowly approach asymptote 
(Matthews et al., 2009; Woodcock et al., 2012). 
2.3.5 Habitat specialization in fruit-feeding butterflies 
A Dufrene-Legendre Indicator Species analysis (Dufrene & 
Legendre 1997) was conducted to determine which species 
characterised each natural successional stage (I) or the three 
forest age groups (hereafter, early, mid restoration and primary 
forests, II). 
2.3.6 Predicting butterfly community composition from tree 
community composition and vegetation structure variables  
To determine the extent that tree community composition 
explains the variation in the butterfly community composition, 
predictive co-correspondence analysis (CoCA; Ter Braak & 
Schaffers 2004; Schaffers et al., 2008) was used (III). The tree 
community composition was measured at three levels: a) 
presence/absence; b) stem density; and c) basal area of tree 
species. Three separate CoCA analyses were conducted for the 
three tree community models in order to determine their cross-
validatory fits (%), which are measures of the accuracy of their 
prediction (Ter Braak & Schaffers 2004). Bi-plots of the tree 
community model with the highest cross-validatory fit were 
presented. Analyses were performed with the software 
package“cocorresp” (Simpson, 2013) in R (R Development Core 
Team, 2008) version 2.14.1. 
To predict the butterfly community composition from 
vegetation structure variables, 
a predictive CCA (Ter Braak, 1986) was used. First, the number 
of constrained axes that were significant in explaining the 
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butterfly community was tested to determine how many axes to 
maintain in the final model. Secondly, a permutation test was 
done to determine if the butterfly community composition was 
associated with vegetation structure variables in the final model. 
The CCA analyses were conducted using Canoco software, 
version 5 (Ter Braak & Smilauer 2012). 
We ran simple randomisation tests (van der Voet, 1994) in 
order to judge whether the differences among the model fits 
(among the three tree community models from predictive CoCA 
and between the best predictive tree community model and the 
vegetation structure model from predictive CCA) were 
statistically significant. 
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3 Results and discussion 
3.1 BUTTERFLY SPECIES RICHNESS AND ABUNDANCE 
PEAKED AT PRIMARY FORESTS AND INTERMEDIATE 
SUCCESSIONAL STAGES 
 
Primary forests had a significantly higher butterfly species 
richness and abundance than did most of the natural succession 
(I) or all the restoration forests (II). In study (I), butterfly species 
richness and abundance peaked at one of the primary forests 
and intermediate successional stages. The most abundant 
species in all successional (I) and restoration (II) stages was 
Bicyclus smithi.  
The response of fruit-feeding butterflies to forest disturbance 
has been controversial, with some researchers reporting higher 
diversity in the primary rather than the disturbed forests (Beck 
& Schulze 2000). However, other researchers report the opposite 
pattern (Cleary, 2003; Barlow et al., 2007), with still others 
reporting no effect (Lewis, 2001; Hamer et al., 2003). According 
to Hill & Hamer (2004), the response depends on the guild or 
subfamily of butterflies, as well as the scale of investigation. At 
small spatial scales (< 1 ha), there is a likelihood of increase in 
diversity, while at large scales (≥ 3.1 ha), diversity often 
decreases or does not even change after the disturbance. This 
could be attributed to the fact that small scales do not account 
for impacts of habitat disturbance on heterogeneity in the 
vegetation structure, and so they tend to overestimate the 
diversity in disturbed forests, particularly in terms of species 
evenness (Hamer et al., 2003). The Charaxinae and Nymphalinae 
subfamilies are often favoured by disturbance as opposed to the 
shade-loving and restricted range Satyrinae (Hamer et al., 2003). 
Butterfly species richness and abundance peaked in one of 
the primary forests and at the intermediate successional stages 
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(I), with the peak not due to the emergence of dominant species 
in these areas, as there were no significant differences in the 
diversity or dominance. The high species richness in the 
intermediate stages could be potentially explained by processes 
of the intermediate disturbance hypothesis (IDH; Connell, 1978). 
According to this hypothesis, the diversity of early successional 
stages is low, as only few pioneer species have been able to 
disperse there. The diversity peaks at the intermediate stages as 
more species invade the area. Finally, in the late stages of 
succession, diversity decreases again, due to competitive 
exclusion (but in my work, species richness was low only in one 
studied primary forest and no differences in the Simpson 
diversity index were found). However, the mechanism 
producing IDH has been criticised (Collins et al., 1995; Fox, 
2013). The critics of the IDH argue that higher diversity at 
intermediate levels of disturbance arises from a trade-off 
between dispersal ability and colonisation ability. During the 
succession process, a stage is reached when fast dispersers 
become replaced by slow but superior colonisers.  
Some reasons may be suggested to explain the high 
abundance and diversity of butterflies at intermediate 
successional stages observed in this study. According to Janz & 
Nylin (1998) and Novotny et al., (2002), butterflies have strong 
associations with host plants, as the larvae depend on one or 
several, typically related, host species. In the present study 
system, both pioneer and late-successional host plants could be 
present at the intermediate successional stages, providing 
suitable breeding and feeding sites for a higher number of 
butterfly species. Another reason is the possibly high abundance 
of supplementary resources (e.g. dung, honey dew and rotten 
wood; Larsen, 1996) in regenerating forests that could have 
attracted butterflies. For example, the males of Charaxes 
butterflies are particularly attracted to animal dung (Larsen, 
1996; Hamer et al., 2006), which was more common in logged 
forests than in the primary forests (M. Nyafwono, pers. obs.). 
Bicyclus smithi (Satyrinae) was the most abundant species in the 
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intermediate classes, possibly because of the prevalence of 
grasses, which they use as their host plants.  
3.2 NO CLEAR DIRECTIONAL PATTERN IN BUTTERFLY 
COMMUNITY RECOVERY ALONG THE NATURAL SUCCESSION 
GRADIENT 
There was no directional pattern in fruit-feeding butterfly 
species richness, abundance, diversity and dominance along the 
natural succession gradient. There was, however, a marginal 
directional change in the butterfly community composition 
along the successional gradient (I). The present data suggests 
that the time needed for the recovery of butterfly communities 
similar to primary forests, through natural succession, cannot be 
estimated. The weak directional change can be explained by 
large differences in butterfly communities between the primary 
forests. In the present study, the average Bray-Curtis similarity 
between the regenerating sites and primary forests ranged 
between 45 and 60%, while the average similarity between the 
primary forests (K30 and K31) was only 55%. This means that 
some regenerating sites are already more similar to certain 
primary forest sites than some primary forest sites are to each 
other. On Mt. Kilimanjaro, the plant diversity showed a 
directional increase from clearings to mature forests, but an 
opposite pattern was revealed in moth diversity (Axmacher et 
al., 2004). Similarly, in the severely polluted areas of Canada, 
plant communities recovered faster than did the arthropod 
communities (Babin-Fenske & Anand 2010). These and other 
previous recovery studies (Wassenaar et al., 2005) suggest that 
different taxa recover from disturbances at different rates or 
paths. 
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3.3 RESTORATION OF TROPICAL FOREST AIDS THE 
RECOVERY OF BUTTERFLY COMMUNITIES 
Clear directional patterns in butterfly species richness, 
abundance, diversity and community composition were found 
along the restoration gradient (II). The significant increase in 
species richness, abundance and diversity, and change in 
butterfly community composition towards primary forests (II) 
suggest that the restoration parts of Kibale National Park are 
rapidly recovering to their pre-disturbance states. Increasing 
richness, abundance and diversity are probably explained by an 
increasing amount of resources, such as the biomass of host 
plants (Yamamoto et al., 2007) and fruiting trees. Furthermore, 
the change in butterfly communities and increasing 
specialisation along the restoration gradient could also be 
attributed to changes in tree community composition, 
microclimate and other aspects of habitat quality (Schaffers et al., 
2008; Savilaakso et al., 2009b), all of which can cause changes to 
butterfly communities on a butterfly species-specific basis with 
the age of restoration. The results of this thesis corroborate 
several previous studies showing that active restoration 
treatments facilitate the recovery of biodiversity and bring 
multiple benefits to degraded areas (Littlewood et al., 2006; 
Florens et al., 2010; Omeja et al., 2011). Without restoration, such 
areas might take a very long time to recover (Chapman & 
Chapman 1999). 
Based on the results of this thesis, the recovery time for the 
fruit-feeding butterfly communities of Kibale is estimated to be 
18–40 years. In this study (II), only the early phases of 
succession, where the recovery appears to be approximately 
linear, was studied. However, previous studies have shown that 
the recovery of communities is not typically linear, but becomes 
asymptotically more similar to that of undisturbed communities 
with time (Davis et al., 2003; Woodcock et al., 2012), and 
therefore, the more realistic of the estimates for the time 
necessary for recovery is 40 years. In Kibale, elephant 
populations are known to arrest forest succession (Paul et al., 
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2004) and, possibly due to climate change, some trees are 
fruiting less frequently or not fruiting at all in recent years 
(Chapman et al., 2005). When these factors are considered, the 
actual time for butterfly recovery might be longer than 40 years. 
In previous studies, recovery times during tropical forest 
regeneration have been estimated to vary between 20 and 40 
years for most tropical organisms (Dunn, 2004), between 50 and 
60 years for fruit-feeding butterflies during natural succession in 
Ghana (Sáfián et al., 2011) and >40 years for lepidopteran larval 
assemblages in logged forest compartments in Kibale National 
Park (Savilaakso et al., 2009a). Based on the current study and 
findings from other tropical regions, it is impossible to make 
generalisations on the time scale of insect community recovery 
after disturbances. The time required for insect communities to 
recover after forest disturbance seems to depend on the taxon, 
severity of disturbance, geographical region and the relative 
spatial isolation from primary forest sites. 
3.4 HIGH SEASONAL VARIATION IN BUTTERFLY 
COMMUNITIES 
The Kibale butterflies exhibited significant temporal variation in 
all univariate measures (I) and community composition 
(PERMANOVA analysis; I, II) across the 12 studied months, 
which seems to be a common phenomenon with most tropical 
insects (Nummelin, 1989; Kasenene & Roininen 1999; Nyeko, 
2009; Savilaakso et al., 2009a; Heimonen et al., 2013; Valtonen et 
al., 2013). The butterfly species richness and abundance peaked 
during the rainy season (Fig.2; in I) and the butterfly community 
structure followed a cyclic annual pattern (Fig.3; in I & II). The 
reason for the high seasonal variation in the butterfly 
community structure in tropical rain forests is unclear. It is 
thought that the seasonal variation in fruit availability 
(Chapman et al., 2005; Garcia et al., 2014), fluctuations in annual 
rainfall and host plant phenological patterns (Valtonen et al., 
2013), or the abundance of predators or parasites might cause 
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changes in relative species abundance, and consequently in 
species composition, throughout the year. The seasonality in 
fruit-feeding butterfly communities (Grøtan et al., 2012; 
Valtonen et al., 2013) calls for caution when planning and 
interpreting the results of short-term studies addressing the 
value of natural successional (I) or restoration forests (II) for 
fruit-feeding butterflies  
3.5 DIFFERENT NATURAL FOREST SUCCESSIONAL OR 
RESTORATION STAGES ARE CHARACTERISED BY DIFFERENT 
INDICATOR SPECIES OF BUTTERFLIES 
The Indicator Species Analysis showed specialisation of 
butterfly species to forests of different age. The highest numbers 
of indicators (over 50% of indicator species) were found in the 
primary forests (I, II). The primary forest K30 (I) had the greatest 
number of indicator species (15), including, among others, eight 
Euphaedra species and Lachnoptera anticlea (Fig. 1). In contrast, 
primary forest K31 was characterised by only two species 
(Kallimoides rumia and Bicyclus mesogena, Fig. 1). Such differences 
in indicators between the primary forests could be explained by 
habitat-specific differences, such as variation in host-plant 
density or quality and courtship sites (DeVries et al., 1997).  
In restoration study (II), primary forests were characterized 
by seven, eight and nine species from the genera Charaxes, 
Euphaedra and Bicyclus, respectively. Other strong indicators of 
primary forests, in descending order, were: Cymothoe herminia, 
Kallimoides rumia, Melanitis ansorgei and Lachnoptera anticlea. This 
finding is consistent with studies from Ghana (Larsen, 2005; 
Sáfián et al., 2011) and Ivory Coast (Fermon et al., 2000) 
indicating that the genera Euphaedra and Euriphene are true 
forest interior specialists. Habitat specialisation in butterflies 
could be explained by differences in physiological requirements, 
as well as by specialisation for resources or anti-predatory 
strategies (Koh, 2007). Some butterflies prefer cool and shady 
habitats, which could explain the prevalence of Lachnoptera 
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anticlea, Kallimoides rumia and several species of the genus 
Euphaedra in the cool primary forests. Based on this study, it 
seems that eight species of the genus Euphaedra (Table 3, in II) 
could be used as indicators for monitoring the ecological status 
of primary forests in the tropics. 
Young natural successional (I) or restoration stages (II) were 
characterised by mainly grassland or open area specialists (e.g., 
Bicyclus campinus, Bicyclus dentatus and Bicyclus safitza), and mid 
successional or restoration stages were characterised by 
Euphaedra medon and Bicyclus auricruda (I) and Sevenia 
occidentalium, S. boisduvali and Junonia stygia (II). These species 
can be used in the future as indicators of different successional (I) 
or restoration stages (II). 
 
 
 
 
 
 
 
 
Figure 1. Fruit-feeding butterfly community habitat specialisation. A 
(Euphaedra eusemoides), B (Euphaedra edwardsii), C 
(Kallimoides rumia), and D (Cymothoe lurida) are primary forest 
indicators, while E (Bicyclus safitza), F (Sevenia occidentalium), 
and G (Junonia stygia) are indicators of successional/restoration 
forests. Photos by Ronan Donovan and Pirita Latja in Kibale. 
A B 
C D 
E F G 
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3.6  TREE COMPOSITION AND VEGETATION STRUCTURE 
ARE GOOD PREDICTORS OF FRUIT-FEEDING BUTTERFLY 
COMMUNITIES 
 
The tree community composition of restoration and primary 
forests significantly predicted the community composition of 
fruit-feeding butterflies. The stem density of the tree species 
explained as much variation as did the presence/absence and 
basal area of trees. Butterflies and trees formed a corresponding 
gradient following the restoration age of the plots. Based on the 
CoCA bi-plots (Fig.1, in III), most of the butterfly species 
preferred the middle-aged restoration or primary forests, while 
most tree species had their optima in primary forests. 
Vegetation structure also significantly explained the variation 
in the butterfly community composition. The most important 
vegetation structure variables in predicting the butterfly 
community composition were the total basal area of trees and 
elephant grass cover. According to the CCA results, some 
butterfly species prefer open sites, while others prefer closed 
canopy sites. In addition, most species prefer sites with 
intermediate canopy cover. The majority of butterfly species had 
their optima in habitats with moderate or high total basal areas 
and closed canopies (Fig. 2; in III). Several species from the 
genus Euphaedra, as well as Melanites ansorgei, Cymothoe herminia, 
C. lurida, and Bicyclus sambulos were most often found in sites 
with medium or closed canopies. Intermediate sites were most 
suitable for Sevenia occidentalium, Gnophodes betsimena, Bicyclus 
smithi, and Euphaedra medon. Sites with high cover of elephant 
grass were preferred by five species from the genus Bicyclus.  
Differences in butterfly habitat preferences could be 
attributed to their different resource requirements and may be 
related to preference for enemy-free space (Hunter & Price 1992; 
Tscharntke & Greiler 1995). Vegetation structure has also been 
found to explain significant variation in butterfly (Hogsden & 
Hutchinson 2004; Kitahara, 2004), other arthropod (Ter Braak, 
1986; Schwab et al., 2002; Brose, 2003), and bird (Zhang et al., 
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2013) communities in the temperate region, as well as lizard and 
bird communities in the Neotropics (Pearman, 2002; Garda et 
al., 2013). 
During rainforest succession, parallel changes take place in 
both tree species composition and vegetation structure (DeWalt 
et al., 2003). This involves an increase in the number of plant 
species and increased complexity in the structure of the 
vegetation (Denslo & Guzman 2000; Guariguata & Ostertag 
2001; Elliot et al., 2013). Such changes may cause parallel 
increases in the number of habitat generalists and specialists 
(Pardini et al., 2009), as well as in the number of species per 
feeding guild (Novotny et al., 2010). The present study shows 
that a vegetation-based approach, where information on 
vegetation structure or plant community composition is used to 
predict insect biodiversity (Panzer & Schwartz 1998), can 
contribute greatly to the conservation of butterfly diversity in 
the Afro-tropics, and most likely for other biodiversity as well. 
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4 Conclusions and future 
prospects 
 
In this thesis, fruit-feeding butterflies were used as model 
organisms to uncover how, as well as how fast, insect 
communities recover along a gradient of forest restoration or 
natural succession after forest disturbances in an Afro-tropical 
moist forest of Kibale National Park, in Uganda. In addition, it 
determined the extent that tree species composition or 
vegetation structure can predict butterfly community 
composition in a tropical rainforest restoration area. The results 
present new knowledge about insect community recovery after 
human-induced disturbances in a tropical rainforest. The main 
conclusions and future prospects can be summarised as below: 
 The butterfly community structure differed significantly 
among the eight successional stages but showed only a 
marginal directional change along the natural successional 
gradient (I). These findings show that forest disturbance has 
a long-term impact on the recovery of butterfly species 
composition, emphasising the value of intact primary forests 
for butterfly conservation. 
 Butterflies showed high species richness and abundance in 
primary forests (I, II) and at intermediate successional stages 
(I). 
 Butterfly species richness, abundance, diversity and 
dominance show remarkable temporal variations (I).  
 Butterfly species richness, abundance, and diversity 
increased along the restoration gradient (II). These results 
highlight the value of restoration efforts in enabling the rapid 
recovery of insect communities, and probably biodiversity as 
a whole, in tropical areas that have undergone deforestation. 
 Fruit-feeding butterfly communities of restored tropical 
forests can be estimated to recover in 40 years after 
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restoration efforts, provided that primary forests are nearby 
(II).  
 Seasonal changes have a marked influence on butterfly 
community composition (I, II).  
 Different successional or restoration forests harbour different 
communities of butterflies, with large numbers specific to 
primary forests (I, II). Early successional or restoration forest 
areas are characterised by grass specialists (species whose 
larvae feed on grasses). These results underlie the importance 
of the remaining primary forests for butterfly conservation. 
This is because primary forests host species that are not 
found anywhere else and therefore offer source populations 
from which individuals can colonise successional or restored 
forests.  
 Tree community composition significantly predicted fruit-
feeding butterfly community composition in restoration 
forests of Kibale National Park (III). The stem density of tree 
species explained as much variation as the presence/absence 
and basal area of tree species.  
 Vegetation structure also significantly explained the variation 
in the butterfly community composition in the restoration 
forests of Kibale National Park (III). The most important 
vegetation structure variables in predicting the butterfly 
species composition were total basal area of trees and 
elephant grass cover. Thus, the results of this thesis show that 
a vegetation-based approach can contribute greatly to the 
conservation of butterfly diversity in the Afro-tropics, and 
most likely for other biodiversity as well. 
 
39 
 
 
5 References 
Achard F, Eva H D, Stibig H J, Mayaux P, Gallego J, Richards T 
& Malingreau J (2002) Determination of deforestation rates of 
the world’s humid tropical forests. Science 297:999–1002. 
Akite P (2008) Effects of anthropogenic disturbances on the 
diversity and composition of the butterfly fauna of sites in 
the Sango Bay and Iriiri areas, Uganda: implications for 
conservation. African Journal of Ecology 46:3–13.  
Anderson M J, Gorley R N & Clarke K R (2008) Permanova+ for 
Primer: Guide to Software and Statistical Methods. Primer-E Ltd, 
Plymouth. 
Asquith N M, Terborgh J, Arnold A E & Riveros C M (1999) The 
fruits the agouti ate: Hymenaea courbaril seed fate when its 
disperser is absent. Journal of Tropical Ecology 14:229–235. 
Axmacher J C, Holtmann G, Scheuermann L, Brehm G, Müller-
Hohenstein K & Fiedler K (2004) Diversity of geometrid 
moths (Lepidoptera : Geometridae) along an Afrotropical 
elevational rainforest transect. Diversity and Distribution 
10:293–302. 
Babin-Fenske J & Anand M (2010) Terrestrial insect 
communities and the restoration of an industrially perturbed 
landscape: assessing success and surrogacy. Restoration 
Ecology 18:73–84. 
Barlow J, Overal W L, Araujo I S, Gardner T A & Peres T A 
(2007) The value of primary, secondary and plantation forests 
for fruit-feeding butterflies in the Brazilian Amazon. Journal 
of Applied Ecology 44:1001–1012.  
Baron J S, Poff N L, Angermeier P L, Dahm C N, Gleick P H, 
Hairston N G, Jackson R B, Johnston C A, Richter B D & 
Steinman A D (2002) Meeting ecological and societal needs 
for freshwater. Ecological Applications 12:1247–1260. 
 
40 
 
Basuta G M I & Kasenene J M (1987) Small rodent populations in 
selectively felled and mature forest tracts of Kibale Forest, 
Uganda. Biotropica 19:260–266. 
Beck J & Schulze C H (2000) Diversity of fruit-feeding butterflies 
(Nymphalidae) along a gradient of tropical rainforest 
succession in Borneo with some remarks on the problem of 
“pseudo replicates.”Transition of the Lepidopteran Society of 
Japan 51:89–98. 
Blay D (2012) Restoration of deforested and degraded areas in 
Africa. In: Stanturf J, Madsen P, Lamb D (eds) A goal-oriented 
approach to Forest Landscape restoration. Springer, New York, 
pp. 267–319. 
Bonebrake T C, Ponisio L C, Boggs C L & Ehrlich P R (2010) 
More than just indicators: A review of tropical butterfly 
ecology and conservation. Biological Conservation 143:1831–
1841. 
Bowman D M J S, Woinarski J C Z, Sands D P A, Wells A & 
McShane V J (1990) Slash-and-burn agriculture in the wet 
coastal lowlands of Papua New Guinea: the response of 
birds, butterflies and reptiles. Journal of Biogeography 17:227–
239. 
Brose U (2003) Bottom-up control of carabid beetle communities 
in early successional wetlands: mediated by vegetation 
structure or plant diversity? Oecologia 135:407–13. 
Caro T (2010) Conservation by proxy: Indicator, Umbrella, Keystone, 
Flagship, and Other Surrogate Species. Island Press, Washington 
D.C. 
Chapman C A & Chapman L J (1999) Forest restoration in 
abandoned agricultural land: a case study from East Africa. 
Conservation Biology 13:1301–1311. 
Chapman C A, Chapman L J, Struhsaker T T, Zanne A E, Clark 
C J & Paulsen J R (2005) A long-term evaluation of fruiting 
phenology: importance of climate change. Journal of Tropical 
Ecology 21:31–45. 
Chapman C A & Lambert J E (2000) Habitat alteration and the 
conservation of African primates: case study of Kibale 
41 
 
National Park, Uganda. American Journal of Primatology 
50:169–185. 
Chessel D & Dufour A B (2011) PACKAGE "ADE4" <http://cran-
rproject.org/web/packages/ade4/ade4.pdf> 
Clarke K R & Gorley R N (2006) PRIMER v6: User 
Manual/Tutorial. PRIMER-E Ltd, Plymouth. 
Cleary D F R (2003) An examination of scale of assessment, 
logging and ENSO-induced fires on butterfly diversity in 
Borneo. Oecologia 135:313–332. 
Cleary D F R & Genner M J (2004) Changes in rain forest 
butterfly diversity following major ENSO-induced fires in 
Borneo. Global Ecology and Biogeography 13:129–140. 
Collins S L, Glenn S M & Gibson D J (1995) Experimental 
analysis of intermediate disturbance and initial floristic 
composition: Decoupling cause and effect. Ecology 76:486–
492. 
Colwell R K (2013) EstimateS: Statistical estimation of species 
richness and shared species from samples.<http//viceroy.eeb-
uconn.edu/estimatess> 
Connell J H (1978) Diversity in tropical rain forests and coral 
reefs. Science 199:1302–1310. 
Davis A L V, van Aarde R J, Scholtz C H & Deport J H (2003) 
Convergence between dung beetle assemblages of a post-
mining vegetational chronosequence and unmined dune 
forest. Restoration Ecology 11:29–42. 
Denslow J S & Guzman S (2000) Variation in stand structure, 
light and seedling abundance across a tropical moist forest 
chronosequence, Panama. Journal of Vegetation Science 11:201–
212. 
DeVries P J, Murray D & Lande R (1997) Species diversity in 
vertical, horizontal, and temporal dimensions of a fruit-
feeding butterfly community in an Ecuadorian rainforest. 
Biological Journal of the Linnean Society 62:343–364. 
DeWalt S J, Maliakal S K & Denslow J S (2003) Changes in 
vegetation structure and composition along a tropical forest 
chronosequence: implications for wildlife. Forest Ecology and 
Management 182:139–151. 
42 
 
Didham R K, Stork N E & Davis A J (1996) Insects in fragmented 
forests : a functional approach. Tree 11:255–260. 
Dirzo R & Raven P J (2003) Global state of biodiversity and loss. 
Annual Review of Environmental Resources 28:137–167. 
Dufrene M & Legendre P (1997) Species assemblages and 
indicator species: the need for a flexible asymmetrical 
approach. Ecological Monographs 67:345–366. 
Dunn R R (2004) Recovery of faunal communities during 
tropical forest regeneration. Conservation Biology 18:302–309. 
Du Toit J T, Walker B H & Campbell B M (2004) Conserving 
tropical nature: current challenges for ecologists. Trends in 
Ecology and Evolution 19:12–17. 
Elliot S D, Blakesley D & Hardwick K (2013) Restoring Tropical 
Forests: a practical guide. Royal Botanic Gardens, Kew. 
Fermon H, Waltert M, Larsen T B, Dall'Asta U & Mühlenberg M 
(2000) Effects of forest management on diversity and 
abundance of fruit-feeding nymphalid butterflies in south-
eastern Cote d’Ivoire. Journal of Insect Conservation 4:173–189. 
Florens F B V, Mauremootoo J R, Fowler S V, Winder L & Baider 
C (2010) Recovery of indigenous butterfly community 
following control of invasive alien plants in a tropical island’s 
wet forests. Biodiversity and Conservation 19:3835–3848. 
Fox J W (2013) The intermediate disturbance hypothesis should 
be abandoned. Trends in Ecology and Evolution 28:86–92. 
Garcia L C, Hobbs R J, Mäes dos Santos F A & Rodrigues R R 
(2014) Flower and fruit availability along a forest restoration 
gradient. Biotropica 46:114–123. 
Garda A A, Wiederhecker H C, Gainsbury A M, Costa G C, 
Pyron R A, Vieira G H C, Werneck F P & Colli G R (2013) 
Microhabitat variation explains local-scale distribution of 
terrestrial Amazonian lizards in Rondonia, Western Brazil. 
Biotropica 45:245–252. 
Gardner T A, Barlow J, Chazdon R, Ewers R M, Harvey C A, 
Peres C A & Sodhi N S (2009) Prospects for tropical forest 
biodiversity in a human-modified world. Ecology Letters 
12:561–582. 
43 
 
Guariguata M R & Ostertag R (2001) Neotropical secondary 
forest succession: changes in structural and functional 
characteristics. Forest Ecology and Management 148:185–206. 
Hamer K C, Hill J K, Benedick S, Mustaffa N, Sherratt T N, 
Maryati M & Chey V K (2003) Ecology of butterflies in 
natural and selectively logged forests of northern Borneo : the 
importance of habitat heterogeneity. Journal of Applied Ecology 
40:150–162. 
Hamer K C, Hill J K, BenedicK S, Mustaffa N, Chey V K & 
Maryati M (2006) Diversity and ecology of carrion- and fruit-
feeding butterflies in Bornean rain forest. Journal of Tropical 
Ecology 22:25–33. 
Heimonen K, Lwanga J S, Mutanen M, Nyman T & Roininen H 
(2013) Spatial and temporal variation in community 
composition of herbivorous insects on Neoboutonia macrocalyx 
in a primary tropical rain forest. Journal of Tropical Ecology 
29:229–241. 
Hill J K & Hamer K C (2004) Determining impacts of habitat 
modification on diversity of tropical forest fauna : the 
importance of spatial scale. Journal of Applied Ecology 41:744–
754. 
Hobbs R J (2006) The Society for Ecological Restoration International 
(SER): Foundations in Restoration Ecology. Island Press, 
Washington DC. 
Hobbs R J & Harris J A (2001) Restoration ecology: Repairing the 
Earth’s ecosystems in the new millennium. Restoration Ecology 
9:209–219. 
Hogsden K L & Hutchinson T C (2004) Butterfly assemblages 
along a human disturbance gradient in Ontario , Canada. 
Canadian Journal of Zoology 82:739–748.  
Holl K D (1995) Nectar resources and their influence on 
butterfly communities on reclaimed coal surface mines. 
Restoration Ecology 3:76–85. 
Hunter M D & Price P W (1992) Playing chutes and ladders : 
heterogeneity and the relative roles of bottom-up and top- 
down forces in natural communities. Ecology 73:724–732. 
44 
 
Janz N & Nylin S (1998) Butterflies and plants: A phylogenetic 
study. Evolution 52:486–502. 
Kasenene J M & Roininen H (1999) Seasonality of insect 
herbivory on the leaves of Neoboutonia macrocalyx in the 
Kibale National Park, Uganda. African Journal of Ecology 
37:61–68. 
Kitahara M (2004) Butterfly community composition and 
conservation in and around a primary woodland of Mount 
Fuji, central Japan. Biodiversity and Conservation 13:917–942. 
Koh L P (2007) Impacts of land use change on South-east Asian 
forest butterflies: a review. Journal of Applied Ecology 44:703–
713. 
Lamb D (1998) Large-scale ecological restoration of degraded 
tropical forest lands: the potential role of timber plantations. 
Restoration Ecology 6:271–279. 
Lamb D, Erskine P D & Parrotta J A (2005) Restoration of 
degraded tropical forest landscapes. Science 310:1628–32. 
Larsen T B (1996) The butterflies of Kenya and their natural history. 
Oxford University Press, New York. 
Larsen T B (2005) The butterflies of West Africa. Apollo Books, 
Svendborg. 
Lawes M J & Chapman C A (2006) Does the herb acanthus 
pubescens and or elephants supress tree regeneration in 
disturbed Afrotropical forest? Forest Ecology and Management 
221:278–284. 
Lawton J H, Bignell D E, Bolton B, Bloemers G F, Eggleton P, 
Hammond P M, Hodda M, Holt R D, Larsen T B, Mawdsley 
N A, Stork N E, Srivastava D S & Watt A D (1998) 
Biodiversity inventories, indicator taxa and effects of habitat 
modification in tropical forest. Nature 391:72–76. 
Le maitre D C, Chapman R A & Versfeld D B (2000) The impact 
of invading alien plants on surface water resources in South 
Africa: a preliminary assessment. Water SA 26: 397–408. 
Leps J, Novotny V & Basset Y (2001) Habitat and successional 
status of plants in relation to the communities of their leaf-
chewing herbivores in Papua New Guinea. Journal of Ecology 
89:186–199. 
45 
 
Lewinsohn T M, Novotny V & Basset Y (2005) Insects on plants: 
diversity of herbivore assemblages revisited. Annu Rev Ecol 
Evol Syst 36:597–620.  
Lewis O T (2001) Effect of experimental selective logging on 
tropical butterflies. Conservation Biology 15:389–400. 
Lindenmayer D B, Margules C R & Botkin D (2000) Indicators of 
biodiversity for ecologically sustainable forest management. 
Conservation Biology 14:941–950. 
Littlewood N A, Dennis P, Pakeman R J & Woodin S J (2006) 
Moorland restoration aids the reassembly of associated 
phytophagous insects. Biological Conservation 132:395–404. 
Longcore T (2003) Terrestrial arthropods as indicators of 
ecological restoration success in coastal sage scrub 
(California, U.S.A.). Restoration Ecology 11:397–409. 
Louda S M (1982) Distribution ecology: variation in plant 
recruitment over a gradient in relation to insect seed 
predation. Ecological Monographs 52:25–41. 
Magurran A E & Mcgill B J (2011) Biological diversity: frontiers in 
measurement and assessment. Oxford University Press, Oxford. 
Majer J D (1997) Invertebrates assist the restoration process: an 
Australian perspective. In: Urbanska K M, Webb N R, 
Edwards P J (eds) Restoration Ecology for Sustainable 
Development. University Press, Cambridge, pp 212–237. 
Matthews J W, Spyreas G & Endress A G (2009) Trajectories of 
vegetation-based indicators used to assess wetland 
restoration progress. Ecological Applications 19:2093–2107.  
Millennium Ecosystem Assessment (MA; 2005) Ecosystems and 
Human Well-being: Synthesis. Island Press,Washington, DC. 
Molleman F (2012) Butterflies of Uganda: Kibale Forest. Tour guide 
publications, Kampala. 
Molleman F, Van Alphen M E, Brakefield P M & Zwaan B J 
(2005) Preferences and food quality of fruit-feeding 
butterflies in Kibale forest, Uganda. Biotropica 37:657–663. 
Novotny V & Basset Y (2005) Host specificity of insect 
herbivores in tropical forests. Procedures of the Royal Society of 
London 272:1083–1090.  
46 
 
Novotny V, Miller S E, Baje L, Balagawi S, Basset Y, Cizek L, 
Craft K J, Dem F, Drew R A I, Hulcr J, Leps J, Lewis O, Pokon 
R, Stewart J A J & Weilblen G D (2010) Guild-specific patterns 
of species richness and host specialization in plant–herbivore 
food webs from a tropical forest. Journal of Animal Ecology 
79:1193–1203. 
Novotny V, Miller S E, Basset Y, Cizek L, Drozd P, Darrow K & 
Leps J (2002) Predictably simple: assemblages of caterpillars 
(Lepidoptera) feeding on rainforest trees in Papua New 
Guinea. Prococedures of the Royal Society of London B 269:2337–
2344. 
Nyeko P (2009) Dung beetle assemblages and seasonality in 
primary forest and forest fragments on agricultural 
landscapes in Budongo , Uganda. Biotropica 41:476–484. 
Nummelin M (1989) Seasonality and effects of forestry practices 
on forest floor arthropods in the Kibale Forest, Uganda. The 
Norwegian Journal of Entomology 36:17–25. 
Nummelin M & Borowiec L (1991) Cassidinae beetles of the 
Kibale Forest, Western Uganda; comparison between virgin 
and managed forests. African Journal of Ecology 29:10–17. 
Nummelin M & Fürsch H (1992) Coccinellids of the Kibale 
Forest, Western Uganda: a comparison between virgin and 
managed sites. Tropical Zoology 5:155–166. 
Nummelin M (1996) The community structure of arthropods in 
virgin and managed sites in the Kibale Forest, Western 
Uganda. Tropical Ecology 37:203–213. 
Olupot W (2000) Mass differences among male mangabey 
monkeys inhabiting logged and unlogged forest 
compartments. Conservation Biology 14:833–843. 
Omeja P A, Chapman C A, Obua J, Lwanga J S, Jacob A L, 
Wanyama F & Mugenyi R (2011) Intensive tree planting 
facilitates tropical forest biodiversity and biomass 
accumulation in Kibale National Park , Uganda. Forest 
Ecology and Management 261:703–709. 
Panzer R & Schwartz M W (1998) Effectiveness of a vegetation-
based approach to insect conservation. Conservation Biology 
12:693–702. 
47 
 
Pardini R, Faria D, Accacio G M, Laps R R, Mariano-Neto E, 
Panciencia M L B, Dixo M & Baumgarten J (2009) The 
challenge of maintaining Atlantic forest biodiversity: A 
multi-taxa conservation assessment of specialist and 
generalist species in an agro-forestry mosaic in southern 
Bahia. Biological Conservation 142:1178–1190. 
Paul J R, Randle A M, Chapman C A & Chapman L J (2004) 
Arrested succession in logging gaps : is tree seedling growth 
and survival limiting ? African Journal of Ecology 42:245–251. 
Pearman P B (2002) The scale of community structure: habitat 
variation and avian guilds in tropical forest understory. 
Ecological Monographs 72:19–39. 
Pinotti B T, Pagotto P C & Pardini R (2012) Habitat structure and 
food resources for wildlife across successional stages in a 
tropical forest. Forest Ecology and Management 283:119–127.  
R Development Core Team (2008) R: A Language and 
Environment for Statistical Computing. R Foundation for 
Statistical Computing. <http://www.R-project. org> .  
Richards P W (1996) The tropical rain forest. Cambridge 
University Press, Cambridge. 
Sáfián S, Csontos G & Winkler D (2011) Butterfly community 
recovery in degraded rainforest habitats in the Upper 
Guinean Forest Zone (Kakum forest, Ghana). Journal of Insect 
Conservation 15:351–359. 
Sala O E, Chapin F S, Armesto J J, Berlow E, Bloomfield J, Dirzo 
R, Huber-Sanwald E, Huenneke L F, Jackson R B, Kinzig A, 
Leemans R, Lodge D M, Mooney H A, Oesterheld M, Poff N 
L, Sykes M T, Walker B H, Walker M & Wall D H (2000) 
Global biodiversity scenarios for the year 2100. Science 
287:1770–1774. 
Savilaakso S, Koivisto J, Veteli T O, Pusenius J & Roininen H 
(2009a) Long lasting impact of forest harvesting on the 
diversity of herbivorous insects. Biodiversity and Conservation 
18:3931–3948. 
Savilaakso S, Koivisto J, Veteli T O & Roininen H (2009b) 
Microclimate and tree community linked to differences in 
48 
 
lepidopteran larval communities between forest fragments 
and continuous forest. Diversity and Distribution 15:356–365. 
Schaffers A P, Raemakers I P, Sykora K V & Ter Braak C J F 
(2008) Arthropod assemblages are best predicted by plant 
species composition. Ecology 89:782–794. 
Schwab A, Dubois D, Fried P M & Edwards P J (2002) 
Estimating the biodiversity of hay meadows in north-eastern 
Switzerland on the basis of vegetation structure. Agriculture, 
Ecosystems and Environment 93:197–209. 
Sekercioglu C H ( 2002) Effects of forestry practices on 
vegetation structure and bird community of Kibale National 
Park, Uganda. Biological Conservation 107:229–240. 
Society for Ecological Restoration International (SERI; 2002) The 
SERI primer on ecological restoration. Policy Working Group, 
Tucson. 
Simpson G L (2013) Package "cocorresp." <http://cran.r- 
project.org/web/packages/.../cocorresp.pdf>.  
Spitzer K, Novotny V, Tonner M & Leps J (1993) Habitat 
preferences, distribution and seasonality of the butterflies 
(Lepidoptera, Papilionoidea) in a montane tropical rain 
forest, Vietnam. Journal of Biogeography 20:109–121. 
Struhsaker T T (1997) Ecology of an African Rain Forest. Logging in 
Kibale and the Conflict between Conservation and Exploitation. 
University Press of Florida, Gainsville. 
Suding K N, Gross K L & Houseman G R (2004) Alternative 
states and positive feedbacks in restoration ecology. Trends in 
Ecology and Evolution 19:46–53. 
Terborgh J, Lopez L, Nunez P V, Lambert T D & Balbas L (2001) 
Ecological meltdown in predator-free forest fragments. 
Science 294:1924–1926. 
Ter Braak C J F (1986) Canonical correspondence analysis: a new 
eigenvector technique for multivariate direct gradient 
analysis. Ecology 67:1167–1179. 
Ter Braak C J F & Schaffers A P (2004) Co-correspondence 
analysis : a new ordination method to relate two community 
compositions. Ecology 85:834–846. 
49 
 
Ter Braak C J F & Smilauer P (2012) Canoco Reference Manual and 
User’s Guide: Software for Ordination (version 5.0). 
Microcomputer power, New York. 
Thomas J A (2005) Monitoring change in the abundance and 
distribution of insects using butterflies and other indicator 
groups. Philosophical Transactions of the Royal Society 360:339–
357. 
Tian G, Brussaard L, Kang B T & Swift M J (1997) Soil fauna-
mediated decomposition of plant residues under constrained 
environment and residue quality conditions. Driven by 
Nature. Plant litter Quality and. Decomposition.  
Tscharntke T & Greiler H J (1995) Insect communities, grasses, 
and grasslands. Annual Review of Entomology 40:535–538. 
Uehara-Prado M, Fernandes J O, Bello A M, Machado G, Santos 
A J, Vaz-de-Mello F Z & Freitas A V L (2009) Selecting 
terrestrial arthropods as indicators of small-scale disturbance: 
A first approach in the Brazilian Atlantic Forest. Biological 
Conservation 142:1220–1228. 
UWA-FACE (2006) Project Plan of Operation Report-January-
December 2006. Kampala. 
Valtonen A, Molleman F, Chapman C A, Carey J R, Ayres M P & 
Roininen H (2013) Tropical phenology: bi-annual rhythms 
and interannual variation in an Afrotropical butterfly 
assemblage. Ecosphere 4:26. 
Van der Voet H (1994) Comparing the predictive accuracy of 
models using a simple randomisation test. Chemom Intell Lab 
Syst 25:313–323. 
Van Orsdol K G (1986) Agricultural encroachment in Uganda’s 
Kibale Forest. Oryx 20:115–117. 
Wassenaar T D, Van Aarde R J, Pimm S L & Ferreira S M (2005) 
Community convergence in disturbed subtropical dune 
forests. Ecology 86:655–666. 
Whitmore T C (1975) Tropical rain forests of the Far East. 
Clarendon press, Oxford. 
Williams J G (1969) A field guide to the butterflies of Africa. Collins, 
London. 
50 
 
Wilson E O (1987) The little things that run the world (the 
importance and conservation of invertebrates). Conservation 
Biology 1:344–346. 
Woodcock B A, Bullock J M, Mortimer S R, Brereton T, Redhead 
J W, Thoma J A & Pywell R F (2012) Identifying time lags in 
the restoration of grassland butterfly communities : A multi-
site assessment. Biological Conservation 155:50–58. 
Yamamoto N, Yokoyama J & Kawata M (2007) Relative resource 
abundance explains butterfly biodiversity in island 
communities. Procedures of the Natural Academy of Sciences 
104:10524–10529. 
Young T P (2000) Restoration ecology and conservation biology. 
Biological Conservation 92:73–82. 
Zhang Q, Han R, Huang Z & Zou F (2013) Linking vegetation 
structure and bird organization: response of mixed-species 
bird flocks to forest succession in subtropical China. 
Biodiversity and Conservation 22:1965–1989. 
 
Publications of the University of Eastern Finland
Dissertations in Forestry and Natural Sciences No 161
Publications of the University of Eastern Finland
Dissertations in Forestry and Natural Sciences
isbn: 978-952-61-1605-1 (printed)
issnl: 1798-5668
issn: 1798-5668
isbn: 978-952-61-1606-8 (pdf)
issnl: 1798-5668
issn: 1798-5676
Margaret Nyafwono
Recovery patterns of 
fruit-feeding butterfly 
communities in a human-
modified Afro-tropical 
rainforest
Tropical forest biota are threatened 
by anthropogenic disturbances, such 
as selective logging and clear cutting. 
However, little is known about the 
pattern and timescale of recovery of 
insects following different forms of 
anthropogenic disturbances in tropi-
cal rainforests. This thesis presents 
new knowledge of how communities 
of fruit-feeding butterflies (Nymphali-
dae) recover along a gradient of forest 
restoration or natural succession after 
forest disturbances in an Afro-tropical 
moist forest of Kibale National Park, 
in Uganda.
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